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Elements of Static Strength 


SHEARING STRESS AND STRAIN 

By analogy to Eq. (1.2) illustrating axial strain, the shearing strain may be defined 
as 



a 


(2.4) 


Strictly speaking, then, shearing displacement S Q may be thought of as an angle. 
This concept is helpful in the analysis of torsional problems arising in machine 
shafts, aircraft fuselages, eccentrically loaded beams, and similar structures. The 
direct shearing stress in general can be computed as the shearing force Q divided 
by the cross-sectional area A , and for many practical applications, where generous 
factors of safety are involved, this approach should be entirely acceptable. Fig¬ 
ure 2.1, pertaining to the general concept of shearing strains and stresses, gives no 
clue as to the actual distribution of the stresses across the cross section. 

The first step in the treatment of any shear problem is to define the magnitude 
and direction of the external load involved. It is assumed that the reader is familiar 
with the elements of statics. For instance, the magnitude of the vertical shear load 
may be determined from the resolution of all the external forces acting, say, on 
either the left- or right-hand portion of the beamlike component. In Fig. 2.1, the 
rivet behaves as a short, structural beam, and Q represents the external force. 

Before turning our attention to some of the basic aspects of the distribution of 
shear stresses in beams, it is well to note that the shear stress, acting on a given 
cross section, produces sliding of the transverse elements. This action provokes a 
response from the longitudinal fibers, which develop a complementary stress of equal 
magnitude to the transverse stress. This effect becomes quite apparent, for example, 
in loading wooden beams to destruction. Since wood is weaker along the grain 
parallel to the neutral axis, shearing takes place along that grain. The concept of a 
complementary stress therefore promotes the conclusion that the shearing stresses 
must occur in pairs. 


ANALYSIS OF SHEAR STRESS DISTRIBUTION 


Suppose that we consider an element of the beam defined by the two cross sections, 
distance dx apart and loaded by Q, M, and M + dM , shown in Fig. 2.2. These 
forces are needed for the static equilibrium of the beam element indicated. To 
obtain an expression for the shear stress at the layer located a distance a from the 
neutral axis, first consider a bending stress at distance y 


S h = 
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I 


(2.5) 


Equation (2.5) represents the well-known beam formula used by practicing design 
engineers. 



